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RESULTS Y DISCUSSION
The information currently available on the bioavailability of chlorophyll compounds is minimal, although their 
content in vegetable diets, related with the prevention of degenerative diseases, is much greater than that of other 
widely studied phytochemicals. It has been demonstrated, in assays both in vitro and in vivo with animal models, 
that these compounds exhibit a series of biological properties, all consistent with the prevention of degenerative
diseases. (Ferruzi y Blakeslee, 2007) : 
Antimutagenic
activity
Antioxidant
activity
Modulation of xenobiotic
enzyme activity
Induction of
Apoptostic events
INTRODUCTION
♦ Test meals: standards of chlorophyll pigments dissolved in sunflower oil. 
CONCLUSIONS
The structural changes of the chlorophyll pigment, mainly the de-
esterification of phytol, significantly increases – by an estimated 65-fold 
– its transfer from the food matrix to the intestinal epithelial cells during 
digestion, making it more bioavailable.
It also found marked differences in the transport route:
- pheophytin a and pyropheophytin a: absorption by passive diffusion, 
pheophorbide a and pyrofeoforbida a showed facilitated transport 
(active) in the lower range of concentrations tested.
♦ The chlorophylls were transformed widespread 
into pheophytins at the stage of gastric digestive 
process (Fig 1). 
♦Besides the acid pH, the type of food matrix also 
affects the digestive stability of the chlorophylls. The 
oily matrix exerted a slight protective effect against 
the pheophytinization in chlorophyll b digestion
(40% of chlorophyll forms with Mg after digestion).
Digestive stability
Uptake by Caco-2 Cells
Total Colored Compounds in the Digestate was calculated
as a Percentage of the Content in the Initial Food
Pyphy a vs phy a:     COOCH3 : Differences not significantly
Pho a vs phy a and Pypho a vs Pyphy a:    Fitol: ↑↑ Polarity ↑↑ Micelarization
Chl a vs Phy a and Chl b vs Phy b :    Mg 2H: Differences not significantly
♦ All compounds resulting from the digestion of chls
were actually taken up by Caco-2 cells.
Pheophytins, OH-Pheophytins,
Lactones of Pheophytins.
♦ Uptake of chlorophyll forms with Mg (b serie)
♦% Absorption: 
Phytilated compounds: 
Pheophytin, Pyropheophytin: 3-7%.
Phytilated compounds:
Pyropheophorbide: 9%
Pheophorbide: 26%!!
AMF from spinach puree digestion (Ferruzi
et al. 2001): 5-10%
Transport route by cell culture
Absorption Rate vs Various Initial Concentration Levels in the Cell Culture Medium
♦ Uptake assays by Caco-2 cell monolayers (Ferruzzi et al. 2001) to validate the bioavailability.
♦ In vitro digestion procedure and micellar fraction separation by ultracentrifugation (Garret et al. 1999) to assay: 
digestive stability and efficiency in the compound transfer from the digestate to the aqueous micellar fraction. 
Gastric phase
Pigment
standard
Refined
Sunflower
Oil (3%)
-Saline solution
- 0.1M HCl until pH 2
- Porcine pepsin (3mg/mL)
Thermostatized
water bath (37ºC)
Incubation with agitation
37ºC, 1h
Fase intestinal
- ↑ pH to 6 with NaHCO3
- Porcine pancreatine (0.4 mg/mL)
- Porcine bile extract (2.4 mg/mL)
Incubation in agitation
37ºC, 2h
DIGESTA
Adjustement to pH 7
MICELLAR FRACTION SEPARATION
% MICELLARIZATION =
nmoles in AMF
nmoles in D
X 100
Ultracentrifugation
Ti 50 rotor
Beckman Model L7-65
167000 g, 4ºC, 55min
DIGESTA (D) Oil droplets
AQUEOUS MICELLAR 
FRACTION (AMF)
Solid
residue
ABSORPTION BY CACO-2 CELL CULTURE 
DMEM + Micellar Fraction
1:3 
Differentiated Monolayer
1x104 cells seeded per flask
Cultured in 95% air / 5% CO2
For 14-16 days after confluence
% ABSORPTION =
nmoles absorbed per flask
nmoles added per flask
X 100
Incubation: 37ºC, 5h
Washing
(PBS + sodium taurocholate (5 mmol/L)
Scraping
(PBS + 10% Ethanol)
PIGMENT EXTRACTION
1mL digesta 2mL Acetone
+ 0.1 %BHT
Cells + 4mL PBS  + 1mL EtOH
1,5 mL Micellar Fraction
or
or
2mL Ethyl ether + 
2mL NaCl 10%
Sonication 5’
Vortexing 1’
Centrifugation (2000g, 5’)
(Extraction x 3 times)
Ether phases
combined
Dried under vacum
Redissolved in 
acetone to HPLC
STATISTICAL ANALYSIS OF DATA
Data are expressed as mean ± standard error from six independent 
digestions, analyzed by duplicated. The data were analyzed for differences 
between means using one-way analysis of variance (ANOVA). The Duncan´s
multiple range test was used as a posthoc comparison of statistical 
significance. All statistical analyses were performed using the STATISTICA 
for Windows (StatSoft, Inc.1999). Statistical significance was set at p < 0.05.
The present work is focused on examining the factors affecting the transfer of chlorophylls from an oily food 
matrix to the intestinal epithelial cells during the digestive process. It was studied both chlorophyll a (Chl a) and 
chlorophyll b (Chl b) as the major chlorophyll derivatives present in processed vegetables common at the diet: 
pheophytin a (Phy a), pheophytin b (Phy b), pyropheophytin a (Pyphy a), pheophorbide a (Pho a) and 
pyropheophorbide a (Pypho a). 
OBJECTIVE
1    Chelate modification: Pheophytinization
2    Phytol De-esterification (C-173)
3 Reactions of the Isocyclic Ring
4    Cleavage of the Macrocycle
Main Structural Modifications
of the Chlorophylls:
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♦ Allomerization reactions involving C-132 oxidation by triplet molecular oxygen (Fig 1: hydroxyderivatives and 
lactones) were also found and affected chl a (10.7±0.6 %) and chl b (11.7 ± 1.9 %) equally (p<0.05).
♦ Dephytylated chlorophyll derivatives were not detected. The detection of theses compounds in human faeces is 
associated with the metalism of the flora of the large intestine (Ferruzzi et al. 2001).
Figure 1
% Retention Solubilization in the Transport Micelles
Linear increase of
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♦ The retention of pigments after
digestion of Chl a (51%) and Chl b 
(49%) were not significantly different 
(p<0.05).
♦The retentions were of the same 
order for all of them; phy a (70%), phy
b (66%), pyphy a (82%), pho a (75%) 
and pypho a (74%) and significantly
higher (p<0.05) than that chlorophylls, 
demonstrating a high stability. 
